Abstract-Green supply chain management has been focused by both academicians and practitioners in recent years due to the increased public awareness on environmental problems and sustainable development. In this paper, a decision aided model for green supply chain network design and optimization is proposed to justify both economic and environmental performance in an optimal fashion. The model is formulated as a bi-objective goal programming model aiming to balance supply chain cost and CO2 emission, which are usually conflict with each other. The model is validated through a numerical experiment, and discussion and analysis are also given based upon the computational result. The result provides managerial insights for companies in the supply chain, and it has been proved to be an effective tool for decision-making in strategic level of supply management. In general, more investment has to be spent for reducing the CO2 emission in a supply chain, and the result of sensitivity analysis presents the cost effectiveness in achieving the environmental goal.
INTRODUCTION
Supply chain and logistics activities are some of the most important fundamental components for supporting today's booming economy. The rapid growth in the volume of goods production and transportation all over the world not only benefits the economic development and globalization, but also leads to more influence on the environment [1] . In recent years, the environmental pollution accompanied with economic development and increased supply chain activities has been heavily focused by the public due to the increased awareness of sustainable development [2] . Green supply chain management or green logistics has been considered as one of the most effective tools for companies to achieve sustainable development. Practices from previous implementation of the concept of green supply chain management have been proved to be able to obtain economic efficiency simultaneously improve environmental performance [3] . Green supply chain management emphasizes manufacturing, storing, transporting and distributing products in a sustainable fashion through taking into consideration of both environmental and social impacts [4] . Therefore, the purpose of green supply chain management not only accounts the economic sustainability of supply chain and logistics activities but also considers the other pillars of sustainable development: environment and society.
Green supply chain activities include assessment of different supply chain strategies (e.g. production, transportation, distribution, warehousing, etc.), minimization of greenhouse gas (GHG) emission, minimization of energy consumption, improvement of recourse utilization, and reduction of waste generation, and improved waste management [4] . This paper focuses on the "greenness" in supply chain network design and planning. Supply chain network planning is one of the most vital strategic decisions and has great impact on the sustainability of a supply chain from the long-term perspective [5] , so it is of significance to develop advanced and multicriteria model for decision making of green supply chain network optimization so as to optimally manage both economic efficiency and environmental performance.
The rest of the paper is organized as follows. Section II provides a literature review of previous models. Section III presents the problem definition and mathematical model. Section IV provides a numerical experiment to demonstrate the applicability of the proposed model, and discussion and analysis of the result are also given in this section. Section V concludes the paper.
II. LITERATURE REVIEW
Green supply chain network optimization has become an interesting topic for both academicians and practitioners during the past two decades, and a great number of researches have already been published. This paper summarizes some of the previous studies on this topic, and a comprehensive literature study related to sustainable supply chain and reverse logistics is provided by Govindan et al. [6] .
An early attempt is provided by Sarkis [7] , in which a theoretical framework for decision making in strategic planning of green supply chain is developed. This paper presents and discusses the fundamental elements for decision analysis of green supply chain management. Sheu et al. [8] propose a linear programming model for the design and planning of an integrated green supply chain network, which aims at minimizing the operational cost of both forward and reverse supply chain. Chiu et al. [2] incorporate the previous model with fuzzy set theory and further develop it into a fuzzy multi-objective programming model taking into account of the uncertainties of the input parameters. Yu et al. [5] propose a multi-objective programming for green supply chain network optimization in order to enhance the competitiveness and sustainability of enterprises in sparsely populated areas, and the model aims to simultaneously balance the supply chain operational cost and GHG emissions.
Some researches of green supply chain management target on specific industries. Sheu [9] develop a reveres logistics model for nuclear power system simultaneously taking into consideration of both power generation and supply chain management. Das and Chowdhury [10] formulate a mixed integer programming for reverse network design of product returns. Chien and Shih [11] adopt green supply chain management concept and practice in electrical and electronic industry in Taiwan, and organizational performance of the implementation is also discussed in this paper. Green supply chain management problems in electrical and electronic industry are also focused by Hsu and Hu [12] . Pati et al. [13] propose a multi-objective mixed integer programming model for supply chain network design of wastepaper recycling system. The model aims at simultaneously achieve three objectives: minimization of logistics operational cost, improvement of product quality, and improvement of environmental performance. Capraz et al. [14] develop a mathematical model for operational strategy and optimal biding price for waste-to-energy (WTE) facility in a reverse logistics system. Yu et al. [15] formulate a multi-objective linear programming model for sustainable management of reverse supply chain system of municipal solid waste (MSW), and the model aims to balance the system operational cost, GHG emissions from the transportation of waste, and the negative environmental impact imposed to local residences.
A bi-objective mathematical model for green supply chain network design is developed by Wang et al. [1] . The model aims to balances the supply chain operational cost and carbon emission in an optimal fashion, and several sensitivity analyses are also given in this paper in order to test the overall system performance with respect to the change of critical parameters. Rezaee et al. [16] formulate a stochastic programming for green supply chain network planning, which considers the uncertainties related to the customer demand and carbon price. Jakhar [17] proposes a comprehensive decision model for selecting partners and allocating resources in a green supply chain, which employs and combines structural equation modeling, multi-objective programming, and analytical hierarchy process for qualitative and quantitative analysis. Shi et al. [18] develop a supplier evaluation and selection system based upon systematic data envelopment method for green supply chain management. This paper presents an alternative method to formulate the green supply chain network aiming at simultaneously taking into consideration of both economic efficiency and CO2 emission, and a numerical experiment is also given to show the application of the proposed model. The "cost/CO2 reduction efficiency" is highlighted and discussed in the numerical experiment, and the cost effectiveness for improving the environmental performance of green supply chain is thoroughly discussed in this paper, which is not mentioned in previous literature, however, this is of significant importance for decision making in strategic planning of green supply chain management, so this work tries to fill the literature gap and presents new result in green supply chain management.
III. PROBLEM DEFINITION AND MODELING

A. Problem definition
In this paper, a general supply chain network with four levels of entities is presented, which includes supplier, production plant, distribution center and customer, as shown in Fig.1 . There are three types of flows in a supply chain, namely, material flow, information flow and capital flow [19] . The direction of material flow is usually from raw material suppliers, via production plants and distribution centers, towards end customers, while the information and capital flow is totally opposite from end customers towards raw material suppliers. Supply chain network design aims at, through facility location and transportation planning, managing the three types of flows in an efficient and effective fashion so as to enhance the competitiveness of the supply chain. Comparing with traditional supply chain network planning which primarily focuses on maximization of profitability, green supply chain management, however, emphasizes both economic efficiency and environmental sustainability. Based upon the requirement of green supply chain network design, the model consists of two objectives: 1) Supply chain operational cost: The cost for operating supply chain activities, and it includes facility cost and transportation cost.
2) CO2 emission: The CO2 emission from supply chain operations, and it is contributed by facility operations and transportation.
B. Mathematical model
The mathematical model aims at determining the supply chain network configuration in terms of facility selection and transportation planning, through which the trade-off between supply chain operational cost and CO2 emission is optimized. In this section, the parameters and decision variables are first defined as follows:
Set of customers It is noted that supply chain operational cost and CO2 emission are measured by different units, so the objective function is normalized through Eq. (2). Herein, represent the target value of respective goal functions.
The goal function of supply chain operational cost is presented in Eq. (3). Two types of cost related to supply chain activities are considered in this model: facility cost and transportation cost. Eq. (4) calculates the facility cost, and it includes fixed operational cost and variable processing cost. Eq. (5) calculates the transportation cost of raw materials and finished products.
Eq. (6) illustrates the goal function of CO2 emission of the supply chain. The CO2 emission from a supply is mainly contributed by two sources: production and transportation, and the calculation of those two types of CO2 emission is given in Eq. (7) and Eq. (8).
CO2 = EFL + ETV + (
Several constraints are also formulated in the model in order to fulfill different requirements, which are illustrated in Eqs. (9)- (16) .
Eqs. (9) and (10) restrict the input flow equals to the output flow at production plant and distribution center. Eq. (11) ensures the customer demand is satisfied at each market.
Eqs. (12), (13) and (14) guarantee that the transportation of raw materials or finished products cannot exist if the corresponding facilities are not selected to open production plant or distribution center. Herein, P is an infinitely large positive number.
Eqs. (15) and (16) restrict that the quantity processed and stored at production plants and distribution centers cannot exceed their respective capacities.
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Eq. (17) is the requirement of binary variable in facility selection. Eq. (18) is the non-negative requirement for decision variables in transportation planning. Eq. (19) is the nonnegative requirement for derivative variables.
IV. NUMERICAL EXPERIMENT
The numerical experiment aims at illustrating the application of the proposed model. The example includes ten customers, six candidate locations for production plant, six candidate locations for distribution center, and eight markets. The corresponding parameters of the candidate locations of production plant are illustrated in Tables I.   TABLE I The relevant parameters are generated as random numbers within a given interval. Furthermore, the units of parameters are not given in a specific form in this example. It is noted that the unit processing cost is inversely related to the CO2 emission at production plant, because the reduction of CO2 emission and improvement of environmental performance require more efforts and advanced technologies, which usually leads to higher investment [1] . In this example, Eq. (20) is applied to generate the numerical value of CO2 emission per unit product at each production plant with respect to the variable processing cost. In Eq. (20) , the random integer is also generated within a given interval which reflects the interactions between processing cost and CO2 emission. Table II presents the relevant parameters of candidate locations of distribution center. The unit transportation cost and CO2 emission between customers and production plants, between production plants and distribution centers, and between distribution centers and markets are illustrated in Tables III, IV , V, VI, VII and VIII, respectively. The cost and CO2 emission related to transportation are directly related to the distance traveled. The customer demands of each market are 2081, 1696, 4089, 4444, 2757, 4486, 4321 and 3760, respectively. After all the parameters are set, the mathematical programming is solved using LINGO optimization solver. The goal values of supply chain operational cost and CO2 emission are first calculated through resolving each individual goal function. The goal of supply chain operational cost is 21166290, and the goal of CO2 emission equals to 7705712. The results of three scenarios with different distribution of weights to the goal of supply chain operational cost and the goal of CO2 emission is presented in Tables IX. The cost deviation in scenario 1 is the smallest compared with the other two tested scenarios, but the CO2 emission is the highest one either. This illustrates that an economical efficient supply chain cannot be, at the same time, a low CO2 emission and environmentally sustainable system. In scenario 2, the importance of the goal of CO2 emission increases, so the deviation of CO2 emission decreases, while the deviation of supply chain operational cost increases. The location selection and transportation planning in scenario 3 are the same as that in scenario 2, which implies the change of corresponding weighs of the goals of supply chain operational cost and CO2 emission may not always alter the supply chain configuration and overall performance. Fig. 2 shows the change of deviation of supply chain operational cost as well as its impact on the deviation of CO2 emission. As shown in the figure, the supply chain operational cost reduced if more importance is given to it, while the CO2 emission of the supply chain increases accordingly. It is also note that the curve becomes more flat with the increase of deviation of supply chain operational cost. This reveals the cost effectiveness for reducing CO2 emission of a supply chain.
When the CO2 emission is taking into account in decision making and is given a small weight, the CO2 emission can be significantly reduced by 15% with the increase in supply chain operational cost by less than 2%, and this shows that the investment is most effective at this stage. However, with the increase of the importance of CO2 emission in supply chain design, the cost effectiveness for improving environmental performance will reduce gradually. This result has significant managerial meaning for decision making of the network design of green supply chain. 
V. CONCLUDING REMARKS
This paper has presented a goal programming approach for green supply chain network design and optimization. The mathematical model accounts both supply chain operational cost and environmental sustainability in location selection and transportation planning of green supply chain. The environmental sustainability of supply chain activities is measured by CO2 emission in this study. The result of the numerical experiment shows the trade-off between supply chain operational cost and CO2 emission, and more efforts and investment should be spent in order to reduce the CO2 emission and to improve the environmental sustainability of a supply chain. Furthermore, the cost effectiveness and efficiency for improving environmental sustainability is also presented in this paper, which has great meaning in decision making of green supply chain planning.
The model can be further extended in several aspects, such as the inclusion of reverse logistics activities, uncertain customer demands and supplier capacities, responsiveness goal of the supply chain, and integration with geographical information system (GIS). Besides, decision making of shortterm operational planning, i.e., inventory management, route planning, etc., may also be included for the further development of the model.
